Abstract: To prevent the casualties that can result from the collapse of earthquake-damaged structures, it is important that structures be rehabilitated as soon as possible. This paper proposes a rapid rehabilitation scheme for repairing moderately damaged reinforced concrete (RC) beam-wide column joints. Four nonseismically detailed interior beam-wide column joints were used as control specimens. All four subassemblages were subjected to similar cyclic lateral displacement to provide the equivalent of severe earthquake damage. The damaged control specimens were then repaired by filling their cracks with epoxy and externally bonding them with carbon-fiber-reinforced polymer (CFRP) sheets and glass-fiber-reinforced polymer (GFRP) sheets. These repaired specimens were then retested and their performance compared with that of the control specimens. This paper demonstrates that the repair of damaged RC beam-wide column joints by using FRP can restore the performance of damaged RC joints with relative ease, suggesting that the repair of beam-column joints is a cost-effective alternative to complete demolition and replacement
Introduction
The premature failure of reinforced concrete (RC) beam-column joints may lead to large lateral deformations and consequent collapse. Inadequate detailing of beam-column joints may result in bursting failures, shear failures, and anchorage failures, possibly contributing to the soft-story effect, particularly if such failures occur within the columns. As a critical element in structural design, beam-column joints play a pivotal role in resisting earthquake loading. However, the BS 8110 code [British Standards Institution (BSI) 1997] used in Singapore does not specify provisions for the seismic design or detailing of RC structures. There is insufficient transverse reinforcement, discontinuous beam bottom reinforcement, or other nonductile detailing (Li et al. 2002) . Therefore, the structures in these regions of low to moderate seismicity have to rely on its inherent ductility to respond to seismic excitations, making them vulnerable to damage and collapse in the event of an earthquake.
Current practices generally see the demolition of the damaged structure in the instance of damage, which is highly resource inefficient. Rehabilitation, on the other hand, provides a more economical alternative. However, the lack of understanding of the performance and effectiveness of the repairs has seen structure rehabilitation shunned in favor of complete demolition. This paper provides a significant impetus to prove and illustrate the seismic performance of beam-column joints repaired and strengthened using various rehabilitation methods. Knowledge gained from the test results in this paper will be useful in developing effective and economical techniques to rehabilitate such nonseismically designed beam-wide column joints.
Fiber-reinforced polymer (FRP) composite materials have grown in popularity over the past decade, valued for their high strength-to-weight ratios, corrosion resistance, ease of application, and constructability. The fiber orientation in each ply can be adjusted to meet specific strengthening objectives (Engindeniz et al. 2005) . Reviewing previous studies by Gergely et al. (2005) on the repair and strengthening of nonseismically designed RC beam-column joints with FRP composites, the following was found. Externally bonded FRP composites (1) eliminate limitations at site and (2) remove the need to increase member sizes while simultaneously improving joint shear capacity. This was done by placing the fibers in AE45°directions in the joint region and wrapping the member ends to clamp the AE45°sheets and increase confinement. Lateral load capacity, joint shear strength, and energy dissipation capacity have increased considerably. Two rehabilitation schemes were used to repair and/or strengthen the interior and exterior beam column joints by Al-Salloum and Almusallam (2007) and Alsayed et al. (2010) , respectively. The results show that the repaired and/or strengthened joints became so robust to the extent that the failure mode may be shifted from the joint to the adjacent member (e.g., beam or column). The procedure for analytical prediction of joint shear strength of interior beam-column joints strengthened with externally bonded FRP sheets, has been successfully developed by Al-Salloum and Almusallam (2007) . This analytical procedure has proved to be applicable for predicting the joint shear strength of exterior beam-column joints by Alsayed et al. (2010) . Pampanin et al. (2007) experimentally investigated the effectiveness of retrofitted schemes for both beam-column joints and whole frame
